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(57) Abstract: 

PURPOSE: A light source for a WDM optical communication is 
provided to use a fabry-perot laser diode light-bound in an 
incident incoherent light. CONSTITUTION: A tunable band- 
pass filter(TF) passes a component of a desired wavelength 
band among an output light of an incoherent light source 
(ILS) and is capable of varying a pass band. A circulator 
(CIR) transfers an output of the tunable band-pass filter(TF) 
into a fabry-perot laser diode(F~P LD) and outputs a light 
received from the fabry-perot laser diode(F-P LD). A 
polarization controller(PC) is connected between a polarizer 
(Pol), connected to an output of the circulator(CIR), the 
circulator(CIR) and the fabry-perot laser diode, in order to improve an extinction ratio of a modulated light 
signal. 
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Bflol^S) o] 7) . 3)^ ^2:^O.S«) ^iLl" S)43 BRH^ £4S 34 
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£ 1 4f s c u -l # 3£ 

E 4a t 5. 4bfe •& -IM«H 4* °l-§-£ * 41* #*1 

3£5t # «4«'*€«I M 

s #3 ^ojo) #fM4 * *U1 - ^* «M£S.*I #34 *HMM ^slfe «)*H^ 

S. 7* *I*MJ3 ** * - «l* ell °1 ^ #3 &J4S«& 

£ 10* * Ifr** «♦« »4^\B 

£ 12tt «4tr\!! £3 

TX : RX : ^r^l 

MUX : *}f^7l DMUX : ^tff 

ILS : ^(Incoherent Light Source) 

TF : ^-1 El (Tunable Filter) 

CIR : *\it 3) '°)$ (Circulator) 

Pol : (Polarizer) 

PC : *H 7 1 (Polarization Controller) 

F - P LD : 2flii^ - tf 0 )^ cW^-S. (Fabry - Perot Laser Diode) 
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BPF :«fl°3*4 SlEl (Band Pass Filter) 

WGR : S4.5- 4 4 4*4 (Waveguide Grating Router) 

7]^ ^ n *4aj *«il|7l£ 

* 44*4 4*44 (Wavelength Division Multiplexing) 4*4* 444 44 4 44 4*44 * 

ti4fc 4444 ^(incoherent light)°il 44 434 - 8)144 44.2.S(F-P LD : Fabry-Perot lase 

r diode)* 4*4 44*4 4*44 4*4* 444 44 3M4. 

IE 4 £ ^f-g- r^7l^ ^-8- 4*4 44*4 4*44 * 4* 44 4 ***§ 47}<g44(passive optical netwo 
rk)4 44 444S44. 

^4*=. f-Ai £44 ss. ^-§-*>7i m 44*4 4*44 * a* 444 s<a4 444^- 44. * 

4 n)4-'^lL4 4441 &*4fe 44 #44. *4# TV. 4444 *4 4^ 44^* **44 fl*fl 

4S4 ^(metropolitan network)^ 44 4* (access networkH* 4 s *** 4***1 4 4* 4*14 5^471 A] 

44534. 

4444 44*4 4*44 * 4* 44fc £ 14 44 *444. 

*4£4fe 4S 4€- 43 444 443l(X , -\ N )*'*4*r* N44 * A ]7l(TX: transmitter) *4 *444 * 
% 444 Nxi4f'47l(MUX)4 444:*. ^4#4*r *44 4±# 4443- ^-^4fe 44 

4 lxN34*47)(DMUX)4 443.^*4444 °J 4£« tH'34^ N44 *44(RX: recelver)t:4 44€4. 
*444 *4#£ 4 444 *4*s «*4fc4. 4* 7144 4 3*. 4**4f- 4-8-44 44*4 £#* Ji* 
471144. 

444 44*4 4**4 * 4* 4444 *444 *44* 4*4fe 4 4\S** 44^4 444.S. ^&s)h.sl. 
*444 4*4fc 44£ #3 444 4444 444 4*. 43 4444 44* 3*4 44 44 44 as 44 

*(SMSR: side mode suppression ratio) 4 44 44- S. #*4 4431 4 SL44.4 44 #3 444 

tS<>> 4ji, 4*4 *4 <34* 4±4 44 34 4*(iine width) 444 44. 

444 -3-4* 4*4fc £5. 44'444 44.5-S(DFB LD: distributed feedback-laser diode) 7> tflS. 

444. a44 *•£ 44 444 44asfc 7>44 44ss ^414 4444 *.&4 A44 4* 4^4444* 4 
434 44**^4*44. 

44 4°l-°-H(LED: Light Emitting Diode) , £44 44£S(SLD: super - luminescent diode) ^4 j! 444 * 
#714 444#4# 444 4?HJ4 44-i-S- ^4S^4 ^4 q&<^ ^4S^ £4 (spectrum slicing) 44-2-S. 
444 4 s S14 444 LEDfe &4s« £^ 44 4^4 44* *«444fe #44*14 **44.tf£.4. ^ 
44 445-Sfe *4444"424 344 444 °14 444 44. a, 4*3-4 4<§-4£ #^ 44£- 4-f « 44 
4 4£s] a H l^ 4-¥- ^2:7l» in 4fe 4^4 44. 



44 4«el - sil* 444 44asfe 7F44 4%*U f-^ 444'4a4 ^ 4^* 444. 4^1 7«4 £S7f f-A) 
oil 4ms- SS *4(mode hopping)4 SS ^t(mode partition) 444 44 4 SS4 #3444 444 44 
^4^0) 5tl4. 444 44-?r4 -^^-44 04 44 «U444 4 €-4 4*44 (time division multiplexing) 

i «**44 ^ s 4*44 44*4 4*44 4 4* 444fe 4*4 8*4. 
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4 444 444 4444 4*44 444°ll 4+4fe 3*1]2|4 44.S.3-4 ^J4 «1444 44 44 444 4" 
ej.sll* «;IM4 4°I.S.h# °]-§-4 4444 4*44 4*44 44*.444fc 444. 

4 4<34 4€- 444 4 4*34 ?4t* o]-§-^ 4444 4*44 4 44 44 4 7 r 4444 *))44fe 5 

44. 

#<34 ^ 44 



47l$ 444 44471 4$ £ 4*34 444 4444 444 *fl°l*l 44.2.H.444f4- 4444 

^§444. 44|*>4fe 4444 4*44 * 3* 444 444 4444 * - 4* «H*i 44-2.S-4 #4 4 

44 4344 4# sj-^-ofl^j ^<a*H sfltLiii . ^44 44.2.^4 44 44 -2--1: * ^4 44 444 4# 

£Ef^L 4*ils r :a, ^]«.e| ->|* eW4 tM££4 al-^-i- ^<g« 44 4^4 44°ll a34.£.£.4 4*** 
* 4*H 444 <r 44 ^S* 444 ^4tr 5!4 4^3- 44. 44 444 4444 444 
^a]E^ £*FsH oi4s>o^^ 4^4 4444 4*44 444 ^^l^^-s. 444^ 34 44 #4. 



44. =U4.£4-§- 42-44 4 «W W$ 4444 4*H47fl 4-344. 

£ 2a4 4 4^4 11 -g^l^ol) 4€ 4444 *°J4 4444 44 4=9" 434 41*4-41* 444 44±s 44 
4 t*4£S4. 4£44 44(ILS); 44 4444 44(1LS)4 *q* * «*H* 44444 4*4* 44444 
^ ^^.g. 7 (,g^ ^ 4fe7f*S 444(TF: tunable band -pass filter); 4.&4-4I* «fl44 44-°-H(F-P LD) 
; 47] 7 r 4 444(TF)4 434 444 44-2JS.(F-P LD)4 444j1, 44 4|Ji 4 - 44 «H4 4 

4.2J£(F-PLD)S44 °j34^4-§-#34fe-4-i3M4(CIR); £24 44±4 £44 (extinction ratio) § 
7fl<4*>7| 444 47| 44444(CIR)4 MM^slfc 447l(Poi)4 44 44444(CIR)4 4*4 -44 
«|©14 4«l^s.(F-PLD) 444 444^44 444 (PC)S 4444. 

4444 44 (ILS) .5- S-fe- 4"?! *&#^-(ASE : amplified spontaneous emission) ■§• #^4^ LED, 
ZLiH3L 4oliH ^ tfliie} - e 9°)4 4 6 lJ2.S.(F-P LD)tr ^4 (isolator) 6 1 

§144^4. 

^-gAHofl n^#^sl *4«4^4-&4 : &4. - 



«I4^^ 4«(lLS)£l % m *4 4^ ^^^^^(CIR)* sfl«^ - eflo]^ cfoliS.( 

F-PLD)»fl ^€4. ^fl-4*4 ^7 r o]7}^ 4^-21 - sfl 6 )^ 4°li2.S.(F-PLD)^ 4^4 #4 
4^14 51^44 4^4 4°1 ^^44, 4^ &4 £Ht * 4444 44 44°] 4^- hhS-S- 44 ( 
suppression) 4 a, 4^4 ^4 44 444 «44fc 4«-4 #344. 444 t}s] 44 slh mm 444 
7Hfl *q.4 4«.2)-1l*444 4°Uh(F-P LD)°l) 444 4#2«4e1(CIR)21 tI^ #^€4. 

«)4 444 #3444 °J34-£ »)444 4(ILS)4 444 U44-H3. 44« 4^(TF)4 44 4^ ^ 444 
2:444 ^))<H4^sa4. 

s|«e| aH*1 445L£(F-P LD)4.t!44fe 44# 44 ^1^14 ^-i*iW4(CIR)3. #34^ 4 44£ 44 
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4. ^, #(ILS)°| ^"33 5H«e) - s»* efl«13 44-2-H<F- P LD)4 4°1<H^ 4*^. ajajsj 4 7r 4$ 4 

Be| . afl* sfloH 4°)i2.H(F-P LD)3.*4 44-2] 33h§- 44 |jo| #^S|^ £3. °]7 r 4*r v\o)°\± 4*7> 4+ 
4+(-g-3 °1*r). *l|«4-»ll* sflo]^ 4<>|.o_£.(F-PLD)4 #3+21*. 44 +<84 444J-S ^ 
+4o| 4444 #344. p|44 4^-§ °j-8-*H sllw El-sll* elH4 44.2.H(F-P LD)4 4°M^ 33 
424°i 4£ (direct modulation) 4 44£* "3* «r Xl^r. 



344 4°)<H^ ?]7r^, #44*r 44S.ir «4€ 4*JM34 444*r 444^1 4-& 4444 4E1M4. 
444 4-g-44 44 *W7](PQ4 €t7l(P0l)l" +444 #43:4 ±#4# + si'*. ^. 

«o«ei -4i* *iM4 cr°i^o)i +4 444 444 444^ smv +, 44 *w4(pc)* £*!sh #3 

44£ 44 # 443. 43 £445L 4*1)4 £4. 

4 44<>1]4 44°i]4fe ^ 0 Js)^ 444^ ^(ILS)4^4 sJ*U|-4* Eflo)4 44£H(F-P LD)3+4 #34 
*r 44S.4 ^S*.**H 4^4 444*11 44e(l44(CIR)« «r34. 4t«»44 (CIR)# 4%# 4 

44i?44 (optical power coupler)3 cM444£ 444 4^4 7}4 44* 44 + 5S4, 

£ 2b^ 4 4^4 4# -4444 4*. Bfluej . 3115. 21)44 40)5.= 4*!4 +4S44. 

444 44°fl4 4*4 #3 4*<<+ +4 4^ 4443 5, 7^ 4^44 44 *l)44- «J4*rH-3. £. 2b 

4 44 7>4 444 (TF)* 3fl«e| - J** e))43 ^°\SlS. (F-P LD)4 4teH4 (CIR) 4«W ¥4 + SU4. 

4 3+. 7>4 444(TF)7|- efloM #4 ?J3 SHft a})44& 434 Stife 44. 444 4<a£4°)) *fl44fe 

44 444 #3 447* 4dt44. 

4 44**1 4+«l£ 442«44(CIR)4 4 4*1 3443 tfl*il4 4 5S4. 

4#$ 4*H#4 4.34 .«l-8-«M N7flsj c^m WSL* 4f ^3 : t 

^#4. 

■■ft ^^21 « 'a^)°il 0 fl 4§ N7fls) A|5. 4€ 7}?! nff'SrS #^«r^ S. 34 n 1 ^^^, 



^_ 44<!j u]^4 ^GLS); ^7} a)^Aj ^(iLS)Sj #^-§- tfl^ f-4 ^^(Band Pass Flter : BPF)°fl 

tfl«| f-4 ^El(BPF)^A| <a^5)fe ^-t!£# ^l-Zfl^lEKCIR); ^7] A|f-E|]o|E) (CIR)og ^^S)°1 »1 

^^(ILS) 3 ! ^3.%-% lxN £45. 4-T-4 (WGR : waveguide grating router)4 FSR(Free Spectr 
al Range) M|S ^1^4^ tfl^ ^.4 ^El(BPF); ^7) tfl^ ^-4 «3(BPF)2} #^-§- iSfl^ ^4^. N7114 
e) -41* efl»14 4 e lAH(F-P LD)S) #^-|- 4f l Sf*r^ lxN £4^ 34 4*^(WGR); ^7l lxN 3*r 4 

^el(WGR)4 4 1-^ •Sl^ol £4s. 444+614 *4 cfl^^r *^t!- 4^4 *13< #^4fe N7«4 
sfloel -bJ* iJ)|o|^ 4<>15.H(F-PLD); S «S€ #*J£4 1* 4^471 44^ #4 4 %$°)^ (CIR) 4 # 
^^°fl «S^4fe «^7l(p 0 |)4 ^7| lxN S.4S 37> 4-f4(WGR)4 N7B4 3 -sfl* ej<>l^ 4»tiH(F-P 
LD) 4°l°ll '314^N7tl4 4<H7|(pc)£ ^€4. 



^4 447V4S #4 «l?Hj>g 4€(ILS) #^4fe W7l. LED. n 

?)2itf 4°15.h ^-|- <>l-8-§ ^ sis. N?84 J«wel-4* 4«1^(F-P LD)fe ifl+ofl 

4?}4. 

lieu. ^H°I*i tfl^ *4 S4(BPF)£5L4s. 34 4-?-4(WGR)^ ««N4fe>l*8^ ^m^M 3- 
+44 FSRJi4 3+ , £43. 37 r 4 4 #3^<gs $ 4#2] 4^4 4?M33 ^4 cfl4-i- H 

45. 34 4+4(WGR)4 FSR ^lifls. xfltV47| 4«« 4+^4. 444, 443^ ^(ILS)«1 lxN £43. 47> 4+ 
4 (wgr)4 FSR ^s. cfl44°l ^144fe 3+°ilfe €£-7> si4. 
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S* W ** 14(BPF)-t ^7) 44^ #(ILS)4 4#eM3(CIR)4 4°W 31$ <r£ #4 . 4 3*. 
tfl°3f-4 *ms) -tH^-M 0 !) 4*11 #-i!£2J 44i)S] ?f£*#4tt^ XMtf. 4 21-^* «H*I 44-2. 

HSj *aW* f 1 ef^(WGR)^ FSR°1*]4 *ll4t *r Sife &4. 

4*** 4^44 t-ai* #34*r £ ^4°H4 #33 £434£ 4-8-4 24. 

jsd£ £«!S3* 7>4 b]4^ #3(ILS)4 £3£ 4-t*H4 (CIR)I- z^s. 34 4-f«H (WGR)4 

£.43. 34 4-f4(WGR)4 #3 34<* 42}- ^E^IlS. ^^(spectrum splicing)?! 4. 444 43. 4£ 

4** 7>^1 #-& b)^-3^ #(ILS)°1 £.43. A 4 ef-f^(WGR)s) 41^ 34°fl 3 £4 N71I4 4^4 - 4) 
3. eflo)*] cfo|AH(F-PLD)S. <SI444. 

»R^^ 4(ILS)4 *fl« *!)2i4-2fl* sM.2.H(F-PLD)fe^l« 44~8^ #4 3 44. * £ 

34 4*4 (WGR)3 -f 4 314 f 1 ^ 444 *J4*H? 444 43£# #344. 4 3 - 5)15- efloj^ cW 
i2.H.(F-PLD)4 *S**'.£4£ 34 4*3 (WGR) 3 °J344 4^4 « 4#efl44(CIR)* 4*1 
<>1 nfl 4 JflUiel «W*) 4«l-9-H(F-PLD)Sl £43 34 44" 4 (WGR) 4 f-4 tfl«?£ 2444 *H 

«F ^ £43 34 4 J ?-El(WGR)4 ■&£ *■& 2*143 ^33 4Vt 43* *4* *« NTH 434 #3 44 



4 4 «.4 - fllf- *44 44-2.£(F-PLD)<>I) 37}£]fe- 341- 33 32.43, N?114 3fl«4-sfl* Jflo]^ 4<>|£i=. 
(F-P LD)3 *1* 4U3.2.3. <r SUSS- 43- 4* 44"§" 7 r 3 323 ^4 <r 5A4. 4 

sH»e] - *H5- el|44 44££(F-PLD)#°f) 444 443 N7114 34*H7l (pc)4 4**44(OR) #33°fl 3 
43 347] (Pol)* 4*<M 324 44*4 Ji44« 7H>tlt "r m. 

4***'«W1M * tii^l ***** *>4^ £3^-3. ^^>« A}-g-^^o]: ^Cf. 

^. ^aH*)|^^ s^sl ^^-t ^<as1fe #^ --aisl 4<^SHI *>** 

eH-ein «A 8i4. 

a,'«m* wils), «^4s) ^tefl°iEr(iLS). ^ *>4s) ^hpoo* ^i**w ^* 

«• -^^H^4 ^1€e||o|El(ciR)l- * ^^-713. mm^Si #A>tv ^-i- <g-|- ^ 5U4. 

* IJ-'S 0 !] 4^ -§--§- *°W 44 a ^27> « ^ SI4. <=fl# ^•7><a4 , 3-(passlve optical 

network) 0 )! *l** ^-f. ^€4 4-f ^, - efl 0 ^ 4 6 1i-^7V 44 ^^4 

5S4. 

E 4a^- I^^Sl 6)^-4^ ^ 7V9J4 d J-4 ^(upstream) ^^l" flift -S44°l 4€- ^SiS. 

4, Mltfti^ ^«(D-S). £4s. a|4 4-f ^ (WGR), ^4ui jfljiel e»4^1 44iH(F-P LD)fe 44 ?-?i4 
SlS. §4€ 7l4-3f, 7|4-^, ael^ 7)-<a4^(0NU : Optical Network UnltH Q*]^ €4. 

a; ^. -iiAHsj * 7V«4** *°<J- 714-3-, 4«l 44^ « 4^4 7 r «a43 0 l ^4fe 
^7^4^2144, 

# 7 ) ^ 0 V7i^)^,g. ^41(ILS); ^4 ^€4 *^* 44 7l4^°H ^-H-S 4^4ui, 4^ 

714^ *-8*£Jp-4 ^ sjsife- *tii* *^*rfe 4!-zfl44(CiR); ^71 4tefl4El(ClR)4 *^* ^4 
^44b £45- ^4 4-+4 (WGR) S 4^71)4 ^4 (RX)« 3t^4s, 
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4.7] 44 7|44+ 4?1 447)4444 444 «|?HiiH &4SfT*443. 4 71-44444 444 44£t- 
44 44£ 44434 +444 lxN £43 44 4+ 4 (WGR)4 

4.7I 4+4 7V444+ 44 44 4444 lxN £43 44 4+4 (WGR)4 4444 4444 4*1) 444 

^|«sl T siI^ 444 44s.£(F-PLD)#5444 +444. 

. °14 4+ tMH-H 4 7>fl*ra#* 44 44 7)444^ ^4^3 3.444 +44 4444 44. 44 'iW'^a 

43 444 44** f>4 444.2.3 4444. 

44.+4S 44*14 444fc 44«14 444 44 43 4444 444 -£444 4fe4. 43. 44 43444 
4 444 £43. 44 4+44 f-444£ ££ 444 44 4444 44. 444 +44 4fl44«Wfe 4444 
ftq 44 447 r 4&44. 4 444 444 4** 4 4«el - 4* 444 44££(F-P LD)4 43 444 
4£4 44 44 SH£ £43 a) 4 4+e) (WGR) 4 44 434 44 444fe 444 44. 

444 +44 * WJ 444 444. 44 71444 7 r 444 4444 444fc £44.4 3+ . u )444 44 

51 4444 444(Rayleigh back scattering) 444 +4 44444 +44^ -tl^l^ $7f44 4£4 444 3: 

efl4 7 r 444 44. 

4* 4444 44. 4 444 44* 4*4 +*$ 4 7)4444 44 4£ 44* 414 44 444te £ 4b4 4 
*+2*4fe4. 

£444 44444 (CIR)4 44 4444 4444 +'84^ "KM* 44 444fe 44*4 7>*J444 
4 ^4444-2.3. 444^- 4£7 r 444xr 4444 4e)4.2.34 B1I444 4444 44 4±4 44* 44 + 

4.4. 

^ £ 4*H£| ^44 4 >HI44* 44 7)44. 44 444 5 4+4 7)4444 44*3. 44 +444 +44 

4 44444 5H44, 

44 ^4444* 4444 44(ILS); 44 44 44444 444fe 442* e? 4+444 £43. 44 4*4( 
WGR); 4 4+7114 +44 (rx)« 544^1, 

44 44 7)4^<fr 44 ^4 44^4 41€ 1444 4€4 #4^- lxN £4^. 44 4-f4( 

WGR)°il 444^1. lxN £4s 471- 4-f4(WGR)44 444fe 4^&# t34fe 4€44^(CIR)4 44 44«J 
44(CIR)»«4 #34*r 4 4-34 4-1- ^4B^ -S-44^. 4 7 r 444°ll4 ^i*4 44S:» 4^444 44 44 
4**44 (CIR)*H 444fe ixN S.4S. 44 .4+4 (WGR)# 5444. 

#4 4^4 7^444+44 44 44 71444 ixN£4S. 44 4+4 (WGR) 4 #444 4444 4«il 4i€ 
4«4 -4* bM4 44^h(f-plD)* 5444 +444, 4 7f47 r 44+ 44 44 44444 ^4S4 44 
44 +44 H1444 44 44 44 4^€ 4s 4€- 444 44£# 44 4445.S 4444. 

5 4a4 £ 4b44£ 44 44efl44(ClR)4 4 44 4443. 444 + 44. 

£4 £44 £444fe 4444 44444 4 44 444)4 4^44 444^ 4444 44 44 444 
4 444fe 471 lxN £43. 47f 4+44 44 7>4444 4444 N44 4« $ - 4* 444 44££ 444 
4444. 44 7F4444 444fe N44 44 444# 5444 44S.4 £444 71144 + 44. 

£ 5fe o]444 4^4 4 444 4€ 444 +4 7 r 444 4444 44 44 444 444 444. 
4444 44-2-3 °)44 44444 44 444(ASE)+ 4 9 nm4 4^44 7>4 44 44 44(BPF)4 44 
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0.4 nm4 4* 44* 44 1*8 S43. 34 eR-iH(WGR)£ °J344. S-43. 34 4* 3 (WGR) a] FSR 4 3 dB 
cH^^ z]-z} 26 nm4 0.24 nm a |E£ £4S 34 4*4 (WGR)4 4 #3444*r #•& 31321 i^l^ 444 

444 44 4#* 4*4 s4.£ 34 4*4(wgr)4 #3*4ti44(ciR)i- >m 4*4-4* 4] 

o)4 cf«|iLH(F-PLD)S $34^4. £43. 34 4*4(WCR)4 #3444 4*144 (CIR) 444 444 4 
**7l(AMP)4 444 444(Att.)* 4*4-4* 444 4»UH(F-PLD)S. <334* 4444 44 ^f- 
2:444. a 44 ^H?l (PC)4 4 47 dB4 44 ±44* 7>^1 44*(PZF : Polarizing Fiber) $2:3 4 
4£4 ±44* 4444 4)4 4*444. #344 44* #3471 444 44 44(PM : Power Memer)* 4 
#48 £-4, 4H4 -4* 444 4<>l£E.(F-PLD)4 $21- 44 44 4^3 4 (pattern generator)* 4-8-484. 

ae]ji, 44±4 4* it* #344 4144 £# 3*4* 4*484. 

444 4*4 - 4* Eflol^ 44£H(F-P LD)fe £444 #£ 44 44?} *34#* 4 20 mA 

44. a, 44 £#(co U pling efficiency) - 4* 4 - 1* 444 44.2.S(F-P LD)44 4 A «J#.3. 444^ 444 

4-* 48% 44. 



44 4#4(ASE)4 *SI44 #4 4.M.4 -4* 444 cfo|^.= (f.p LD)4 #3 ^4S44*44* *##4 
43 4#44 ^4i=3* £64 44315514. 4«4 -41* 444 44£S(F-P LD)4 4 30mA4 4*» 47 r 4 
3, 4*4-4* 444 44££(F-PLD)£- £64 (a)4 44 44 44 ^ 2.e.# #34^. * #3 44fe 4 
- io dBm44. 44 44 44 as.* #344 4-S-4 43 ££ 44#(SMSR)# 4 6 dB 44*14. 4 4 £ 64 
(b)4 44\H 44 4* #4 444 4 1551.72 nm4 #* 434 4<g »g*4(ASE)# 4*4 -4* 444 44£ 
S(F-P LD)S ^<a44. ^4 4<a4#4(ASE)4 44434 4444 4fe 4€- 44 £Hf^ 4444. 

£ 7* 44 4#4(ASE) *. 44444 (CIR) #3444 #34 4*4 -4* 444 44£H(f-p LD)4 
#3^43=3*4444. 



4*444 (CIR)4 #344 44444 4444 4^33 ^44^ 44 4#4(ASE)4 447 r 4= - z dBm4 ^-f, 

S74 (a)2}-£<>] 3iS^^l#-&e|:25dB5.^7>^cl-. °H ^ - 4* ^o]^l 4 0 laS.(F- P LD)4 44 

j£.*4 4f-i*MEl4 4^ ^4 H'aNtt *l)»e]-sl|£ «1I 0 H 4°ias.( F -p LD)°11 .4^ ^"Uslfe 4^4?! 
44 4#4(ASE)4 44^ *ltel|o|El2j #^^4 44^1471 4«H^1 #44fe 4^4 - l3dB7l- 44.' 4*414 
44 #344 444144 4444 4^4 ^^sife 44 4#4(ASE)2l a)-4* + 2 dBmS ^7>a)?14 s. 74 (b) 
4 44 44 as 2j*fl# ^ 27.3 dBS ^tvc^. o] E ^ oj^ as 44** 44*4 4^44 4*44 4*47l 
4 #44 444. 



^<ys]£- ^ 4#4(ASE)4 4414 4* 3^ as 4^1** sfl«el-4* ell 4 4 445.s.(f-p ld)4 91?}$ t 
4<>14i 4^-45. #34 44* £ 84 44^44. *<a* 4?> 4444 4^a.s 4tH#^ ^3*r 44 4#4 
(ASE)4 444*4*^* #7 r $cr. ^3, ^<as}fe 44 4#4(ASE)2l 447} <a^4 471-sl* af 4 Hi 
4*7} #7 r ^Mr 4^ as 44#* 4£#4. Jflael -^1* 144 44iS-(F-P LD)2l 1$ £#■§• ^-o)^ ^*). 
44* H444 41*11 ^^4 44 44* 4^44 44. 



.g. "v^ofl 4-g- 444 «s #344 41«fl ^<y4^ 44 4#44 44# + 2 dBmS.S. 234 43144 4 

e)144 44AH.(F-PLD)4 47f4fe444^ 4*7f30mA4 ^-4-4 0 mA<a ^*4 #3 
£94 44^144.444^ 4*7} ols r 44 ^44 44 4 « el -4* 144 44is(F-PLD) #34 #4 4 
444 441 e} 5.8 dB7} 34. 
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m ujcjo)/: ^fi-sj. 3U 433^ 34(0 mA°fl 33)444 #3 iS]H^s) f-gsf#oW4 43 44* i3 u l 
(extinction raUo)S. 3443, SL 10£ 4 « 3 - 4* 433 4.4 AH (F- P LD)3 ^34* 43 3*34 444 

4^ ±^h11- <?]7)4* ajtfl 434:£ 3*33. 433 3434. * 334 4§ 333 ±3 u l**y3 434^ 
3*43 ^34*43 3*3(ASE)4 437) *7>£*4 3^34. 33£ 433^ 3*7>0mA3 3*. ¥33 
£ «1333 33 $$7} *7)^4 33*4 ?7)2) 3*344 .343* $&o\ f>7 r 44 4*34. 33* 
4 -£7|4 3^3443 3333 34£ (reflectivity) *r 4 4 %6)t}. ^S)*^ 4*3(ASE)4 437> 433 
3*. 34 433^ ^^-7> #7 r t*4 ±33H *7)$4. 33*:43°1^ 3*7} ^7}^^--Jfl«El -4* 433 
43£H(F-PLD)4 *33 *7)44 4*34. 443 * 3*34 4* 333 ±34* 4.^4* 4* 443 cW.©_ 
H(F-P LD)4 434^ 3*4 ^33^ 43 3#3(ASE)3 43* 2.^43 443 * 3.4. 



£ 334 4*3 4«3 -4* 43*1 4°1£H* If- £-§-3 8 %£. 4^3 £* 334. 33 S.*3 *7}43 
# 43 2-S 443* <27| ^4 43 3#33 43^ 34:43, 4-843. 434* 4«3 - 4* 434 43 
SL±*\ *4* * 7)435. £*4fe *7)44. 443. 33 &*3 it*. 4ii3 -4* 434 44.2.3# 4*43 * 
g-igcg 4# 333 443 ^ 34. 

£ *«S4 4* 333 iMfe 43437l(PC)4 333 -£ ^3343* 33 33*(PZF) -# 3333.514 44 
3 * SUfetfl. £ 11* s. 94 *33 2444 ^4£3* x4^<i4. 334(PZF)4 33434(PC)S 4* 
43. ±%»]& 4 5.8 dB44 8.3 dBS 4 2.5 dB3* *7)44. 33£ * ^ t 3°0 4* *33 34 43 

444 4«3 -4* 433 4333(f-PLD) 333 #33 333 33* 3334. 

4 » e] - 4* 433 4°l33(F-PLD)i- 155Mb/s£ ^1^ 32:^ ^. 3343 33JZ.-E. ^*(SMF: Standar 
d Single mode Fiber) # f4) 3*3 ^, PIN 43iH# M 4Hi-fr(BER:bn error rat 

e)*£ 12^ 44>fl34. 43i-H(F-PLD)°l) 34^*4^-3^4 51^-^#fe--S-347l] 20 mA44. 

4ef>H ^tfl 433^ 3^-te 30 mA3^. 434^ 3** 10 mA34. 

33. 43 3#3 ^3 34 3ll«.el -sfl* eflo}^ 435-Hfil 43* ^3434. 3* 3*11 £ 54 -S3 3*H 

3 3 4^44 (DMUX)# 443 3fi3 3^3 (pattern generator)* 3*43 sfl«3 - ^* e«33 4°15-S.(F 

-p LD)# 33 3243 33*« 3*3 5.4 3#7H)4 ^33 3S. i** £ 124 (a)U 44MI34. 
o| 3* 3*437F #7F43 *3?1 3£ 43^14 §33 *7>43 3*3^7} 20 km3 3*. 10 - 9 4^. 
*33 4£43e|7f4 2dB34. 333 *37l 4£ s«347> ^3*1 *7>4fe 4** Jfl£.a|-^l* ell43 43i 
H(F-PLD)7l- q$ JP.H.44 334H-S 4*3°« 33 3H sB4<>] 3*43 *7H 4^ ^7>44 4*3 
4. 

■4-g-°.5. €e13* *«H ^^el - sil* »fl33 43-2-£-(F-PLD) t4 444 3344 43*^: 4*34 
3 3* 344 33^-S. ^ si^7} 4°]434. 4# 34 £ 54 33 343 33** *3 3* 
§joi ^4^7|(DMUX)sl 45. *34(RX)s. ^^43 3S iLt* -§^434. 4 3*. 33** *3 3 
* 8i3i£ 10- 3 34s 43*3 3±44 ^3^. ^4*44(DMUX)4 *3344 34I8W 43 3*3- 34* 4 
4MI34. S.H £fe an «4°fl 388 *!33 shs) 43 7\ 43 4 ^ 344 34 £4 3*43 «ll 
*34. 



^-^323i3 41 «.el - eJ133 4 0 UH.(F-PLD)°fl 43 3#3(ASE)* ^343 *37](RX)4 3S-* 3 
3 711334. 3 4 ^33* 43 3*3(ASE)s] 434 *3 43* 44 l dBm4 1551.72 nm3 a, db34* ?H 
343 3«ll 33 *H7] (PQ4 33 33*(PZF)1- 4*434: 3 3*. £ 124 0>H 443 44 <M 120 km 
3 334* 3*3 3^°115 : - >&^4 *-t]4£ 3)133* *43 * 3* **°14. *33 4* 37> 3*4 3^ ^4 
44 334« *3 3* 33 *33i4 4$ 3*3(ASE)4 ^33 tit 3*(£ 124 (a))4 34 343* 3* 
^ ^°J3£ 43 3*33 3*4 3433 43 3*3 * ^334 3±47] 4*34. 
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a £ 12SJ (c)°fl M-Ej-ifi a>4 £<>1 « 0 >f-#(ASE)S] ¥444* 1550.92 nmS. 120 

km * *r-t!7l #5. ^Mt <r£°14. 4^1 ^d^Ife *H! ^##3 44* «4*H s - sflf- ell 

oH #3 siM*! cj.oi5.HSl #s) 44£ <r Sit *M-4 43 *#* 4^4 444 £45. 34 

e}^?-e1s-¥-e1 <«4« <r 5a-S-°l 4°J€4. 

^^l £4 



£ £<3°f| 4€- 7)£Sl uR^^ 4^°fl *«l 447|- 4314 O.S. 351. 44#2:7}- 71-^cl-. £ ( 

*17}S1 211 «• 21 - 5fl* Bflo)^ tfo|5.Hl- A>^-*>^Al£ o]^ jrc o^-^ol U)-4£^ ^ 4*H Af-§-£ <^ 

Sa# tf****l 3S\. 444 £ ^lofl Aj..g-# # *)£ ««C| £-§-£|-& HJ-8-* *T XH 

7><a A>«g- ^-^ «1 -§-•§• #^ ^ #•§■ £<S 4M4 #3 4*14 44* -g-ol^Tll #4. •& tf 4 4# 

44-44 -f-4434 44*1 ^44fe 4^44 4<tf±» #34-5-5. eH-els) a«44 f-4°fl 4 

•f 4€ 4-*!£.#4 #3 i*** 44tt "r 5U-2-4, tH?^ * 4^44<fl **43 7>fl^«H>1 44 ^llH^V 



O^A} £ ^tg6|] tfl# 7l£4*M 4^5.34 4*fl Aj£S}£*m Ojfe. £ ^tgfil ^Hf- aflA^ O^S. 

44 3W4 £ 44* 444fe "W^. £4. *} 7l<g-g-44 "§-44 ^Ht 44 443 i T"T L 4 £ 44 2l 71^ 

444 4^* 44-44 sfe 43 ohm 444 44 4 2.44 4*** 444 4444. . 

(57) 4?^ 43 

4^4 1. 

443-4 4*44 44-4-8- 443 44444 444. 

z)M4 cM-2.H.«ll sl^-<H)Ai tfl^s) a)^^ ^<ysrH. sfl«el 4«]A£.sl alel 

^ ££f ^4 ^^l Cf€- 2.£f^ SJ1JS.21 - 5|°1^1 4°l^S.2l ^ 4^ ^oj^ ^sj. 

'« t»*"«J ' 
^li*i°J) Sl-H-H, 

^l^slfe- ^dl- ^^-S, *>fe - "II* 

3. 

4f"S-^ f «°fl 5a°H. 
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frejdHM #71 A^e)]o]El# f-sj) ^<y^ bRMHJ *4 4#4 *.«*MI ^-t- iM>|M<>|BH #34^, 

3 .2.5. 4fe f a]^^ .^ofl 43. sflH^ ejo)^ cfo|5L£.* °l-g-4 4***4***1 

**, 

**** t»**i #44. . 

»1*MHJ *«; ■■ 

**] 4*HI4 #€3 *«eW 3342. **» ^sjfe »* #3*Hr >Mt.eW4. 

^71 A)«c|«l6l* *4 °J3£l$7 «Uh8* * * «4fe 4*«8«14 Mlflt *«3: $ 

+8|4*<>1 *7l *g«H* f-4 *°J€ »m4H? *3 4*4 *ti4* <JM *«tiM *«)44. e j7>s]te- 

3#* £|i|«£«| fcej *sMq* 43 4 s JUfc ^«el - *»* 2fl°14 44£s* s#4fc a* 4 
fe **l« *°fl 4* #23 IS e) -«(* *W4 4°l££* 0]*^ 4?*« 4**4 **<a* 

. *1)3* £fe *«4*4I Sfl°H. 

*7l 4*444*1 g*S}fe £*7|4; *7| 4*4*144 Jfl]« Ej . ifl^ Zfl6|4 EH.2.H.AW4I '*!*4te « 

* 4471* cj x*44 ^a!^s) dfc*4» '?|<a* 35* 44-2.5 4te «l*Mj* *<q 434 sfl j±4 . rj 

* Bfl<>i^ 4«iae# 4*** 4**4 **4* *c 

6. 

44£t 4**4 **<S* *44 XW4. 
4*SMHM: 

f7l aRMJ4 *44 £«44 ^#3**44^4*444 -8*4**44?l-ir*^4: 

47] *^44 *q*4UL4-4ft 4«>liH.oll ^^-42. 4.M.4 -4* 4*14 4*1 .£.^£¥4 <ye|4fe ** 
*44fe*44 1^7l : 55 

*344°) ^7] * 44 a*7l* *4 *4 4*4 *U44 3*3 ** *7| * 4*1 ^*7H # 

344 <i!7}£)fe 44* £*4s.3.4 *3 *44* ^1^ t safe sB«e) -Jfl* elM*] 4°1AH# 5.^4fe 
s-^ o. s ^ojjg a)^-y ^ofl 4# si) h.2] - Jfl* efloi^ cfoi5.E.«- «>|-§-^ 4**4 * 

4 i 9««4**4'**'a-8--*« a l fl^J-M. 

^71 a] t v-g^ #leH «|^c|-a,'4-««|*'t4 <a^slfe #^4fe # 44 1^7l; 
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% 44 a^7j#.*«i ^44^ 4444 * t 44*? 44M144 4444 4444*=- 444. 4 

44 4434 44 444 4444 4* 44 4444 #444. 444fc 

i**V2.S*f #4 4444 43 $2:4 ^ 5tf*r M|*L4 - >fl* 444 44£H* £$«Kr 3* *} 
4444 44 44 414 ^ a 51 - Ml* 444 44£H# 444 4*** 4*44 4444 44. 

q 7] A)«4'o|^d| #4441 444te4*44:-44 4 44 1444 Ml«el -Ml* 444 tW£H44<1 414 
44 4441- e) £444 44£4 £444 444 44 44AS. 4fe ^44 4444 44 4* 414 Ml« 
5 - Ml* Ml 4 4 44ah# 4*4 4444 4*44 444* 44. 

4^4-9. 

4444 4*44 4*4* 444 444. 

IxN £4^ 44 4444 4 FSRCFree Spectral Range) MIS 4444 444 4444 44: 

W-^l^ha^ 444 #4* 44 lxN -£4-3. 44 44-eH 414*. ixN5=4£. 44 4*444 oj^sjfe 
£##44£-4#444; 

#4 4€4444 #4-|- ^4^3 n44 4^4-4* 444 44.2.H4 #4* 4*44fe lxN £43. 

3*} 4-^4; 32 

44 UN £43 44 4*44 4 #4 44 £144 ^44 44-9-3 44 44(£43. 44 4*44 44 44 
44-) 414 4*4-4* 444 tMJ« N44 44* 44 4*** 4* 44 4*4* 44. 

10. 

4944 5S44. 

471 444444 #444 314^ 44714; 47] lxN £43 44 44-44 N44 Ml«4 - 4* 4*14 44-2. 
s. AfoH o^sj^ N44 $4 4444 £444 44£4 £44* 444^ 4* 44 as 4fe *tl€ 4444 
44 44 414 Ml h el - 4* 444 4°lAH.s ^44 n44 44-1- 44 44*4 4*44 444-8- 44, 

4444 4*44 444-8- 444 SU*H 4. 

IxN 5=43. 44 44-44 4 FSR(Free Spectral Range) Ml 3 44*4 444 4444 44: 

44 4444 444 #4**4 ixN £43 44 44-34 444*. lxN £43 44 44-444 444*=- 44 
i* *44fe 4 44 1471; 

4-4 4 44 44714 #44 ^4^3 444a, N44 4«4 -4* 444 44AH4 #4* 4^44^ lxN £ 
^S-44 44-eI;^ 

47] ixN £43 44 4*44 4 44 44 4144 ^44 4*44 44 44(£4£ 44 44-34 44 «*I4 
44) 414 Ml » 4 - Ml* 444 445-S.s. ^« N?l]4 44* 44 4444 4444 444-8- 44. 
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12. 

4^71 # 44!) %#44 #^e«H] $#7|4: ^-7] ixN £43. 34 4-f 34 N^H^ sg«.e] -sflf- eiM4 4°] 

iLH A}o]o|| <ais}fe-N^s1 £^ ^<H7l#£#*M 7l|*i4fe 4^0.3. 4fe »1*MT 

3 4^ ^jibi «M4 4°i£££ njw*** ^na.**** 4^"8-4 tf-y-g- 

13. 

$7} f}7]X\zi-£ »14^ #4 *KMi4 4«°fl 3344 "HMMi #3*44 44^* ^ 

■s-s 3S45i, 44 44^°i jm-jmh -smsifc *44c"4**44: #7i 43*444 

£f. qt}£4«}fe 34 2R" 4; $ 4<r7H3 ^-S4# S^^al. 

#7| 49 44*fr -y-7| *^7|4*M4 3*4 4*hU§ ^4£«8 £44*. 21- 7V3444I4 4*4 

4*44^ lxN £4s 34 4-f 31- £444. 

44 4*si 4<y44£ 44 #7i 49 7)^i^s] ixn £4s 34 4-f 49 #344 #441- **i 4^4 4*4 - 

Sf|£ Ejo]^ t3to)S_S.% £444.4 7)-$44*4 44 49 44^*4 ^Sl)^ £§SH B^H^ #ofl 9 

4 44 ^7j^ A^S cf^- 3^2j 44:£» ^4 444.2.3. 444fe 3!# 44<5.3. 4fe 4 4* 44. 

4l34<* 5U44 

Aj- 7 | 7 |3^°fl 444*T ^71 4S4449 #444 444fe 4444; 44 49 4*1^4 444tt 44 lx 

N 5=43. 34 4*44 44 7f444 0 ') -y*|S)^ N7flSl 5)1*4 - 4ft Z«44 44-2.S. 444 g^O). ^>7l 7>9J 
^o)] ^*lS)fe N7flSl 44 *H4» £444 44&4 4:^B|1" 7H4}^fe AS. Sj-fe #*t. 

15. 

7j^l^, *lSj 71^1^ * 4^Sl 7>«a^«»l tfS. ^"S-S. ^1 ^Sjfe ^f"^ % 7}°^}^ #Q ^"t 

4s 7|*J^o(| ««4«l^ «a^sl^ *-4!A# #^*>fe * 4^1 ^t 7 l: ^ * ^V?) # 

^^1- ^4*4^ £4S ^4 El-fEl; 5 4^r78£l ^a7|# S^Sfjl. 

^7| 7.1^ 71^1^4 4»-7l **&7W*t<H*\ 4 7>«a4^«>ll> , -1 

cff 1 ^^ lxN £4S ^4 eHf-ell- Jt^sH, 

-S-7] CH^S] 7>«a4^4 ^ ^71 Xl$4 7l^RS] lxN ^4 ElSl #^^cfl ^^4# f"^ .^l^ ^« Bl - 

«« 4# ^j^i Ais. 4^ 4^sl ^ 71^^-as ^^4^ 4^ # ^1. 

^^*^16. 
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4 1544 444. 

44 44 4444 444*r 47] 4 44 1444 4344 <314fe 4444; 44 43 44S»4| 444fe 44 
lxN £45 34 4434 44 7|-°J444 "4444 N44 4*14-4* 444 44££ *H4 <g^£H, # 7 | 7> 

$444 -a^si^ N7fl£) 44 4441- £444 44^4 £444 444^ 34 44 £5. 4^ 4 3* 44. 

4^17. 

44 444. 43 444 ?i 444 7^1444 4£ 4445 <ai 444^ <r4<§ 4 4-4444 44 4£4 44 

Sf7l 44 4 44 444 5^4 

44 444444 3444 44 44 43 44444 4344=- 44£# ^tj-f^fe S.$SL 34 443; 3> 4 
47114 4444 £442. 

^v 7 ] 43 7)44£ 44 f^4 4444 414 4444 444 lxN£45 34 4434 4142, lxN £45 3 

4 44344 434fe 44£4 4344 44 -44 4444 414 a 4-E- 4445 4144 444434: 44 
Ai#eHo}^oi)Ai 4444 44 i4£4 444*. 4 4*14444 444 44£4 44444 44 4444 
34 4344 lxN £45. 34 443-& £444, 



444 7><g444 44 #4 43 4444 lxN £45 34 44 34 4344 4444 44 414 4* a? - 
gg£ 444 44££» £444. 4 4H4444 47] 43 44444 ^4£4 4444 ^44 3444 44 4 
44 41€ 45. 4# 4*4 44x# 44 444£5 4^44. 44 44444 43 444.2.5. 4#44 4 
o| ^s]^ 4-344 44 4444 44444£5 4444 44 4£4 4^44 444# 434£54 ^<a4n<*l 
3444 44 43:4 444 444 34 44£5 44 4 44 44. 



474 18. 
41744 444. 

^v 7 | 7 |4^4 4444 44 44 4434 4344 4144 4444: 44 44 4444 4444 44 lx 
N £45 34 4*34 44 7}<a444 4444 N44 4£3 - 44 444 44££ 444 4144. 44 ?>4 
444 4444 N7114 44 444-t £444 443-4 £431- 4444 34 4fe 4 4* 44. 

3^4 19. 

44 444. 4^ 444 « 4^4 4^444 4± 4^45 4^4te 44f 4 4*1444 44 4^4 44 
44 44 4 44 44°»l 444 

44 444444 »I444 44; 44 4^ 444^4 °J^4fe 44 4* 34444^ £45 44 443; « 4 
47fl4 4 s 44»i*4a, 

^v 7 | 4444 44 44 4444 4^4 4-344 4^4 lxN £45 34 444°H 444^. lxN £45 3 
4 44344 °J^4^ 44^4 4^44 44 44 4444 £ 4-E- 4445 444^- 4 4^ 144; 4 
4 4 44 44444 «fl444 44 ^^£^ 444*. 4 7}<a7}444 444 44^4 44444 44 
44*1434 434£ ix4£45 34 4434 £% v 44. 



^■7] 4^4 4<a444 44 44 4^ 4444 lxN £45 34 4434 4^44 4-344 4«H 414 4 « 3 - 
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St 1 * 20. ~ 

$7] 7)X}^«H ^*|Slfe #7] * SH4 ^^7]£} €^lS)- : #7) *|9| <gAl£}fe #7l 

lxN £45. 3*} 2}-f E]4 ^71 7}°J4£ofl N7l)Sl 51) H 51 - 4°l°fl Sl^M. 7f 

^X^H "))<H7l# £#aH i^Hll" 7lKd*R7 3>-§- ^3 «.£ # 



1 



. ■ I I II I 




Q 
y 

VO Q 

& » y 



Q 
V 
Q 



^ i ii n ' " 
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GO 
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P-'d 4a 




3Q3 



71 71 71 

-T3 ■ ^3 ... *TD 



IS 
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£3 4b 












71 












5 




5 
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5=3 6 




1541 1545 1549 1553 1557 
Wavelength length (ran) 




f-WH 10-0325687 



8 




-2 0 2 4 6 8 
Injection ASE power (dBm) 



£<a 9 




1545 1549 1553 1557 
Wavelength length (nm) 



10 




-2 0 2 4 6 8 
Injection ASE power (dBm) 
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11 




1541 1545 1549 1553 1557 
Wavelength length (nm) 



J-^ 12 



BE* (too) 
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